received an esophagogastroduodenoscopy at the time of HCC diagnosis were retrospectively enrolled. The factors in terms of prognosis were analyzed by Cox proportional hazards model and propensity score matching analysis. Among the enrolled patients, 480 (48.5%) patients had EGV. Patients with EGV had a significantly lower cumulative 5-year survival rate than those without EGV (24.9% versus 46.4%, p < 0.001). It was confirmed by a multivariate analysis and propensity score matching analysis. Stratified by tumor stage, the patients with EGV had lower survival rates than the patients without EGVs in all Barcelona Clinic Liver Cancer stages except stage D. Moreover, the patients with EGV had lower survival rates than those without EGV, both by curative or non-curative treatment modalities. In conclusion, EGV was an independent risk factor predicting poor prognosis for the patients with HCC by multivariate analysis, propensity score matching analysis, and subgroup analysis.
Factors associated with poor OS rates. After a median follow-up of 13.1 months (interquartile range, 3.6-36.9 months), 533 patients died, and the remaining 457 patients were still alive at their last visit. As shown in Fig. 2A , the cumulative 1-, 2-, 3-, and 5-year OS rates were 49.4% vs. 67.7%, 41.1% vs. 58.6%, 34.7% vs. 54.9%, and 24.9% vs. 46.4% in the patients with and without EGV, respectively (p < 0.001).
A multivariate analysis disclosed that male sex, serum albumin ≤ 4.0 g/dL, bilirubin > 1.6 mg/dL, and AST > 45 U/L, along with indicators of PHT (such as the presence of EGV and a platelet count ≤ 100,000/mm 3 ), were the significant predictors of poor OS rates (Table 2) . Among the tumor-related factors, a serum alpha-fetoprotein (AFP) level > 20 ng/mL, multiple tumors, a tumor size > 3 cm, the presence of vascular invasion, and non-curative treatments were also the independent risk factors associated with poor OS rates.
As the demographic and tumor characteristics were diverse between patients with and those without EGV, a propensity score matching analysis was further performed to minimize the confounding factors that might determine the prognosis. And 177 patients were matched in each group by one-to-one nearest-neighbor matching method. After matching, the demographic characteristics, tumor factors, and treatment modalities were well-matched between the two groups (Supplementary Table S1 ). After matching, HCC patients with EVG still had a lower OS rates than those without EGV (Fig. 2B , p = 0.036).
The impact of EGV on OS rates for HCC patients by different tumor stages and subgroup analysis. When stratified by Barcelona Clinic Liver Cancer (BCLC) stage, the patients with EGV had lower OS rates than those without EGV in all of the BCLC stages except stage D (Fig. 3A-D) . A subgroup analysis further demonstrated that the HCC patients with EGV had significantly poorer OS rates than those without EGV in most of the subgroups except in regards to serum albumin > 4 g/dL and a platelet count ≤ 10 5 /mm 3 (Fig. 4A ).
The impact of EGV on OS rates for HCC patients undergoing curative therapies. Among the 386
patients who underwent curative therapies, 143 patients had EGV, and 243 patients did not have EGV at the time of HCC diagnosis. The cumulative 1-, 2-, 3-, and 5-year OS rates were 84.7% vs. 86.1%, 72.8% vs. 81.1%, 64.8% vs. 75.7%, and 46.6% vs. 66.5% in the patients with and without EGV, respectively (Fig. 4B ). The patients with EGV had significantly lower survival rates than those without EGV (p = 0.008).
Multivariate analyses showed that a platelet count ≤ 100,000/mm 3 , a serum AFP level > 20 ng/mL, a tumor size > 3 cm, the presence of vascular invasion, and the presence of EGV were the independent risk factors that predicted poor OS rates after curative therapies (Table 3 ). The impact of EGV on OS rates for HCC patients undergoing non-curative therapies. For those who received non-curative treatments, the cumulative 1-, 2-, 3-, and 5-year OS rates were 33.8% vs. 49.3%, 26.6% vs. 35.1%, 20.5% vs. 33.2%, and 14.4% vs. 24.3% in the patients with and without EGV, respectively (Fig. 4C ). The patients with EGV had significantly lower survival rates than those without EGV (p < 0.001).
A multivariate analysis disclosed that male gender, serum albumin ≤ 4.0 g/dL, bilirubin > 1.6 mg/dL, a serum AFP level > 20 ng/mL, a tumor size > 3 cm, the presence of vascular invasion, as well as the presence of EGV, were the independent risk factors associated with poor OS rates ( Table 4) .
The impact of primary prophylaxis for variceal bleeding on the prognoses of HCC patients with medium and large varices. Among the 265 patients who had medium and large esophageal varices, 112 (42.3%) patients received primary prophylaxis for variceal bleeding, including 82 patients received endoscopic band ligation (EBL) and the remaining 30 patients took nonselective beta-blockers (NSBB). The cumulative 1-,
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All patients (n = 990) EGV group (n = 480) Non-EGV group (n = 510) P 3-, and 5-year OS rates were 60.7% vs. 35.5%, 41.2% vs. 24.5%, and 24.1% vs. 20.7% for patients with and without primary prophylaxis for variceal bleeding, respectively (p = 0.001, Fig. 5 ).
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Discussion
There are several major findings of this study. First, EGV were common in the HCC patients; EGV were found in nearly half of the patients in our cohort study. Second, the HCC patients with EGV had significantly poorer liver functional reserves and more advanced tumor stages as compared with those patients without EGV at the time of HCC diagnosis. Third, patients with EGV had significantly lower OS rates than their counterparts. Of note, the trend was consistent in most of the subgroup analyses stratified by different demographic characteristics, HCC tumor stages, as well as treatment modalities, and it was further confirmed by a multivariate analysis and propensity score matching analysis. The patients with EGV have a 32.4% increased risk of death as compared with the patients without EGV, suggesting that EGV is an important prognostic factor for HCC.
For the patients with chronic hepatitis, PHT, which is defined as a hepatic venous pressure gradient (HVPG) greater than 5 mmHg, occurs frequently with the progression of liver fibrosis 17 . Previous studies demonstrated that when the HVPG is greater than 10 mmHg, the incidence of EGV development, the emergence of liver decompensation and HCC would increase substantially 16, 22, 23 . Hence, an HVPG greater than 10 mmHg has been designated as clinically significant portal hypertension (CSPH) 16 . However, the measurement of the HVPG is invasive, costly, and infeasible for most hospitals. Therefore, indirect clinical parameters, such as the presence of EGV and/or splenomegaly in association with a platelet count of less than 100,000/mm 3 , are considered as the surrogates of CSPH to indicate the presence and degree of PHT 24 . Nonetheless, previous studies showed that in patients who have no EGV, platelet count and spleen size are not accurate enough to rule out the diagnosis of CSPH in up to 40% of the cases 25, 26 . On the other hand, as a consequence of PHT, it has been demonstrated that the threshold of the HVPG for the development of EV is above 10 mmHg 27, 28 . Hence, the formation of EGV might be sufficient to confirm the presence of CSPH.
In this study, compared to the HCC patients without EGV, those patients with EGV had lower platelet counts; lower serum albumin levels; higher ALT, AST, and bilirubin levels; and higher Child-Pugh scores, indicating that they had poorer liver functional reserves, more active hepatic necro-inflammation, and even advanced fibrosis. These findings are consistent with the previous reports 18, 20, 21, 29 . As these factors are critical in determining the prognosis of the patients with HCC, CSPH and EGV have been incorporated into the BCLC staging system and are widely applied as important references when selecting the treatment modalities in daily practice 24, 30 . The current guidelines for the management of HCC recommend resection surgery, liver transplantation, and local ablation therapy as the curative treatment modalities for the very early and early stages (BCLC 0-A) of HCC 24, 31 . However, the indication of resection surgery has been limited to those patients without CSPH 30 . It is based on the negative impact of PHT and CSPH on the postoperative prognoses, including post-hepatectomy liver failure and long-term survival, demonstrated by several prospective studies and meta-analyses 9, 29, 32, 33 . However, several recent studies demonstrate that CSPH is not a contraindication of resection for HCC 20, 21, [34] [35] [36] . Harada disclosed that HCC patients with EV could achieve similar long-term outcomes as those patients without EV if an indocyanine green retention test at 15 minutes (ICGR15) ≤ 17% 20 . Another recent study conducted by Cucchetti further showed that, although measuring the HVPG could be used for predicting the risk of hepatic decompensation after resection surgery for HCC, the current recommended threshold of 10 mmHg in determining CSPH might too low, which in turn excluded around one-quarter of the patients suitable for resection surgery 29 . Consequently, the role of CSPH, EGV, and ICGR15 in stratifying the indication and the extent of a hepatectomy continues to be debated and needs further studies to elucidate this issue. Moreover, the impact of CSPH on the outcomes of HCC patients who undergo treatments other than surgical resection remains unclear as well. In our current study, the patients with EGV had poorer outcomes than their counterparts, and the results were consistent across different BCLC tumor stages except for the terminal stage and most of the subgroup analysis. Moreover, EGV was associated with lower OS rates both in patients receiving curative and non-curative therapies for HCC. These findings validated that EGV are a poor prognostic factor for HCC due to more advanced liver fibrosis and a poor liver functional reserve. In our cohort study, the prevalence of EGV in patients with HCC was 48.5%, which was lower than that observed in the Italian Liver Cancer Group cohort study (63.3%) 18 . This difference might be due to the discrepancy of the HCC etiology between the Eastern and Western countries. In Taiwan, the predominant cause of HCC is the hepatitis B virus (HBV) infection, which could cause hepatic carcinogenesis in the absence of advanced hepatic fibrosis or cirrhosis 8, 37 . By contrast, the major etiology of HCC in the Western countries is chronic hepatitis C virus (HCV) infection, and the majority of the patients developed HCC after long-term chronic inflammation, fibrosis, and cirrhosis. Consequently, it is reasonable that patients in the Eastern countries have lower rates of EGV at the time of HCC diagnosis due to less cases of liver cirrhosis. However, although the etiology of HCC and the prevalence of EGV are diverse between patients in Eastern and Western countries, both of these studies confirmed that EGV were associated with poor prognoses of patients with HCC, irrespective of viral etiologies, tumor stages, and treatment modalities. Clinical physicians should take EGV into account when adopting the strategy of therapy and predicting outcomes for patients with HCC. Notably, the rate of performing EGV by an EGD in our cohort study was only 43.1%, which was relatively lower compared to previous reports (50-63%) in Western countries 18, 38 . Besides the different viral etiologies of HCC between Eastern and Western countries, the unawareness of compensated liver cirrhosis due to the lack of clinical symptoms might be a more important factor to explain the lower rates of screening EGDs at the time of HCC diagnoses. One recent study showed that cirrhosis was unrecognized prior to HCC diagnoses in approximately 24.6% of patients 13 . However, the presence of EGV actually affects the selection of treatment modalities and prognoses. Consequently, it is recommended to arrange an EGD to screen EGV for HCC patients, especially for those with underlying liver cirrhosis.
According to the current Baveno VI consensus for the management of portal hypertension, either NSBB or EBL is recommended to prevent the first variceal bleeding in cirrhotic patients with medium or large varix 16 . Nevertheless, the role of primary prevention for EV bleeding in HCC patients is still obscure and only several studies with limited number of patients focus on this issue till now 39, 40 . In our current study, only 42.3% of patients who bore a high risk of EV bleeding received primary prophylaxis therapy. It might reflect the lack of awareness for the risk of EV bleeding in HCC patients by some clinical physicians in the real world practice. Of note, our large cohort study demonstrated the survival beneficial effect of primary prevention for EV in patient with HCC. But this result might be limited by the retrospective study design. Further prospective studies investigating the role of primary prevention for EV bleeding in HCC patients are warranted.
We acknowledge some limitations of our study. First, not every patient in the registration database received an EGD for EGV assessment when HCC was diagnosed. And it was difficult to compare the demographic characteristics, tumor factors, and the status of EGV, between patients with and without receiving EGD at the time of HCC diagnosis. Selection bias might be present because of the retrospective nature of this study. For instance, an EGD might be arranged according to a physician's concern and a patient's consent. In addition, an EGD might be performed on a patient who had a bleeding episode; however, an EGD might not be arranged for a patient with a poor clinical condition. Consequently, it could not accurately estimate the prevalence rate of EGV in HCC patients. However, the aim of this study was to assess the impact of EGV on the prognoses of patients with HCC. Our results demonstrated that EGV was an independent risk factor associated with poor prognosis in HCC patients confirmed by a multivariate analysis, propensity score matching analysis, and subgroup analysis across different viral etiologies, demographic characteristics, liver functional reserve, and treatment modalities. It could provide a more robust evidence to remind the clinical physicians to arrange an EGD while diagnosing a patient with HCC. Second, the documentation of EGV status was at the beginning of this study only. Data regarding those patients who developed EGV during the follow-up period were unavailable. Third, we analyzed the prognostic weight of EGV without subdividing the patients according to the characteristics of EGV, such as the size and the presence of red color signs, the natural history of EGV (such as the progression in variceal size and variceal bleeding episodes), as well as the different treatments and prophylaxis strategies toward variceal bleeding, which are suggested by international guidelines. These confounding factors, including the relatively poorer liver functional reserve in patients with EGV, the poorer performance status and clinical condition in patients with bleeding as the presentation, and lower rate of primary prophylaxis for high risk EGV in our cohort, might affect the impact of EGV on determining the outcomes of HCC patients. In spite of these limitations, our large-scale study composed of 990 HCC patients, including detailed demographic, endoscopic, and tumor data and a comprehensive analysis of prognostic factors, could provide robust evidence to elucidate the role of EGV in determining the outcomes of patients with HCC. But further prospective studies are warranted to fully elucidate this issue.
Conclusions
The HCC patients with EGV had relatively poorer liver functional reserves than those without EGV. Moreover, EGV were an independent risk factor predicting OS rates by multivariate analysis, propensity score matching analysis, and subgroup analysis.
Methods
Patients and follow-up. This cohort study was prospectively conducted and retrospectively analyzed. The database contained 2297 consecutive treatment-naive patients who fulfilled the diagnostic criteria of HCC by the American Association for the Study of Liver Disease and were enrolled in the cancer registration system from October 2007 to October 2012 at Taipei Veterans General Hospital 24 . All of the HCC patients were discussed in terms of diagnoses and treatment strategies at a weekly multidisciplinary meeting. They underwent thorough clinical, laboratory, and image assessments and were followed up every 3 months until their last visit to the hospital, their death, or October 31, 2012. After excluding 1307 patients who did not receive an EGD at the time of HCC diagnosis, a total of 990 patients were recruited for the final analysis.
After the physicians explained the advantages, side effects, and prognoses of various therapy modalities and the recommendations from the multidisciplinary experts, the number of patients undergoing curative treatments were as follows: liver transplantation for 12 patients, resection surgery for 179 patients, and radiofrequency ablation (RFA) for 195 patients. The non-curative treatments included transarterial chemoembolization (TACE) and others (e.g., sorafenib, supportive care alone, chemotherapy, radiotherapy, or chemo-radiotherapy), which enrolled 287 and 317 patients, respectively. The study was conducted in accordance with the Declaration of Helsinki and current ethical guidelines. It was approved by the Institutional Review Board (IRB) of the Taipei Scientific RepoRts | 7:42577 | DOI: 10.1038/srep42577
Veterans General Hospital. As a retrospective cohort data, informed consent was waived by IRB. Patient information was de-identified before the initiation of this study.
Biochemical and serologic markers. Serum hepatitis B surface antigen (HBsAg) and the HCV antibody were tested by radio-immunoassay (Abbott Laboratories, North Chicago, IL) and second-generation enzyme immunoassay (Abbott). Serum biochemistries were measured using a Roche/Hitachi Modular Analytics System (Roche Diagnostics GmbH, Mannheim, Germany). The serum AFP level was tested using a radio-immunoassay kit (Serono Diagnostic SA, Coinsin/VD, Switzerland).
Statistical analysis. The primary endpoint was OS. This was calculated from the diagnosis of HCC to the patient's death, the patient's last visit, or the loss of the patient during follow-up 30 . A Fisher's exact test or a chi-squared test with Yates' correction was performed to compare the categorical variables when appropriate, and the Mann-Whitney U-test was applied to compare the continuous variables. The cumulative OS rates were estimated using the Kaplan-Meier method and compared using the Cox's proportional hazards model. In addition, we confirmed the assumption of proportional hazards by the log-minus-log plot of survival in a Cox regression analysis.
To further minimize the potential confounding factors that might affect the prognosis, a propensity score matching analysis was performed as previously described 41, 42 . Variables entered into the propensity model were age, serum albumin, bilirubin, ALT, AST, Alk-P, glucose levels, prothrombin times international ratio (PT INR), hemoglobin and platelet counts, status of ascites and hepatic encephalopathy, tumor size, tumor number, and vascular invasion. Subsequently, a one-to-one match between the EGV and non-EGV groups was obtained by using the nearest-neighbor matching method. Prognoses analysis was performed again to analyze the OS amended from these confounding factors.
The variables with statistical significance (p < 0.05) or approximate significance (p < 0.1) by a univariate analysis were subjected to a multivariate analysis using a forward stepwise logistic regression model. A two-tailed value of p < 0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).
